The mode of action of triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic acid), a broadleaf herbicide, is unknown. No data concerning the fate of triclopyr in plants have yet been published. This communication summarizes a comparison of the uptake and metabolism of triclopyr and 2,4-D (2,4-dichlorophenoxyacetic acid) using cell suspension cultures of soybean, Glycine max, var. Harcor.
The mode of action of triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic acid), a broadleaf herbicide, is unknown. No data concerning the fate of triclopyr in plants have yet been published. This communication summarizes a comparison of the uptake and metabolism of triclopyr and 2,4-D (2,4-dichlorophenoxyacetic acid) using cell suspension cultures of soybean, Glycine max, var. Harcor.
Soybean cells were maintained in aseptic shake culture, on the following media: Gamborg's B5 (Gamborg, 1975) supplemented with 2,4-D (2.3 PM), indole-3-acetic acid ( 2 . 9 p~) , kinetin ( 4 . 6~~) and sucrose (2% w/v) at pH 6.5, or Miller's medium (Miller, 1963) supplemented with naphthyl-I-acetic acid (1 1 PM), kinetin ( 2 . 6~~) and sucrose (2% w/v) at pH 5.8. Cells were subcultured (10ml into 40ml) at 14-16 day intervals. Seven days after subculturing, [2,6-'4CZ]triclopyr (0.82 pCi, 15.6 mCi/mmol) or 2,4-dichlorophenoxy-[2-'4C]acetic acid (0.85 pCi, 13.4mCi/mmol, diluted from 55mCi/mmol, Amersham) was added in 50% aq. ethanol. After 6 h, 3 days, 7 days and 21 days, cultures were filtered under vacuum through nylon mesh. Cells were ground (liquid N,) and extracted (80% methanol, 3 x 15 ml), cell debris was sedimented by centrifugation and the supernatant solutions were taken. The I4C recovered from each culture (cells and medium) was quantified by liquid scintillation counting.
Cell extracts and media were examined by t.1.c. Radioactive zones were located by radiography, cut from t.1.c. plates, suspended in scintillant and quantified by liquid scintillation counting. All incubations were performed in duplicate.
In Miller's medium: (i) 2,4-D was taken up slightly faster than triclopyr. (ii) Metabolites of both herbicides were largely retained in the cells, except the 2,4-D metabolites nos. 11 and 12 (see Fig. l ), up to 30% of which appeared in the medium after 21 days. (iii) Metabolism of both herbicides continued until 21 days when no 2,4-D, and ca. 10% triclopyr, remained. (iv) Triclopyr was metabolized to two major compounds (Fig. l) , having the following properties: (a) ion-exchange chromatographic behaviour and derivatization by diazomethane showed these metabolites to be acids; (b) acid hydrolysis (2 M-HCl, 80°C, 6 h) yielded triclopyr as sole product; (c) /-glucosidase treatment (citrate phosphate buffer, pH 4.5, 37"C, 18 h) left both metabolites unchanged; ( d ) the metabolites co-eluted on both silica gel t.1.c. and C,,-reverse phase h.p.1.c. with authentic triclopyraspartate (major) and triclopyr-glutamate (minor).
Under the same conditions as above, 2,4-D was metabolized to several compounds (Fig. 1) . By their chromatographic properties, the products of acid and P-glucosidase treatments, comparison with the triclopyr metabolites and standards described above, and precedents in the literature (Mumma & Hamilton, 1978) , these metabolites were probably 2,4-D-glutamate (no. 8), 2,4-D-aspartate (no. 9), 4-OH-2,5-D-O-glucoside (no. 10) and 4-OH-2,3-D-0-glucoside (no. 11).
The behaviour of cells grown on B5 differed significantly from that of cells grown on Miller's medium in the following respects: (i) B5 cells rapidly released unchanged 2,4-D, but not triclopyr, after initial herbicide uptake. At 3 days and subsequently, all 2,4-D was unchanged and present in the medium; (ii) less of each herbicide was taken up by cells grown on B5 compared to those grown on Miller's medium; (iii) some degradation of triclopyr metabolites to parent herbicide was observed after 21 days during incubation in B5 (cf. Mumma & Hamilton, 1978) .
These results show that the metabolic fates of the two herbicides are different. Triclopyr was metabolized predominantly to carboxylate derivatives analogous to those formed in rodents (technical data sheet, Dow Chemical Co.). The two major metabolites are probably the aspartate (major) and glutamate (minor) conjugates (Arjmand et al., 1978) . In contrast, 2,4-D was metabolized predominantly by aryl ring hydroxylation followed by 0-glucosylation. These reactions are considered to represent a detoxification mechanism for 2,4-D (Feung et al., 1971) which is apparently not available for triclopyr in this system. The growth medium did not affect the nature, only the relative proportions, of metabolites formed from each herbicide. Benzoic acid is activated to benzoyl-CoA followed by the transfer of a benzoyl moiety first to the 6-and then to the a-amino group of ornithine (Marshall & Koeppe, 1964) . We have investigated ornithuric acid biosynthesis, both in vivo and in vitro, in the quail, a Galliforme. Adult female Japanese quail (Coturnix coturnix japonica) were injected intraperitoneally with sodium [7-14C]benzoate (lOmg/kg) and excreta collected; 69 _+ 5.0% (s.D., n = 3) of the dose of 14C was eliminated in 4h. When excreta samples were homogenized with methanol, the resultant supernatant fluid contained 95% of the excreted radioactivity. Thin layer chromatography of the methanol extracts, followed by autoradiography, showed that the major radioactive metabolite (53% of dose) had an R, value, in three solvents, identical to that of authentic ornithuric acid. The latter was synthesized from benzoylchloride and ornithine by the Schotten-Baumann method (Idle et al., 1978) . The quail metabolite was isolated by preparative t.1.c. Analysis by fast-atom-bombardment mass spectrometry was consistent with a product of molecular mass 340 Da (FAB-ve: m/z 339, [M-HI-). Acid hydrolysis of the metabolite gave ornithine and ['4C]benzoic acid.
For in vitro studies, renal and hepatic mitochondria were lysed with Triton X-100 to release the ornithine conjugation enzymes from the matrix. Assay conditions for the conversion of benzoic acid into ornithuric acid (overall reaction) were: 100 mM-Tris/HCl, pH 8.0, 5 mM-disodium ATP, 5 mM-MgCl,, 1 mM-CoA, 0.5 m~-['~C]benzoic acid, 15 mM-ornithine and mitochondrial lysate (0.02-0.2 mg protein). Identical conditions were used for the benzoylCoA ligase reaction, except that ornithine was omitted and the pH of the Tris/HCl buffer was 9.0. Ornithine N-acyltransferase activity was measured in 100 mM-Tris/HCl, pH 8.0 with 1.4 m~-['~C]benzoyl-CoA, which was chemically synthesized by a mixed anhydride method (Shah & Staple, 1968) , 15 mM-ornithine and mitochondrial lysate (0.05-0.2 mg protein). The final volume in the overall reac-?Present address: Horseracing Forensic Laboratory Limited, Snailwell Road, Newmarket, Suffolk, CB8 7DT, U.K. tion and the CoA-ligase reaction was 0.2ml and in the ornithine N-acyltransferase reaction 0.1 ml. The enzymic reactions were carried out at 42°C and terminated with ice-cold perchloric acid. The I4C-labelled products were identified by t.1.c. and autoradiography, removed from the plates and quantified by liquid scintillation counting.
In quail, ornithuric acid biosynthesis occurs mainly in the kidneys: rate for the overall reaction was 4.55 f 0.2 (s.E.M., n = 3) nmol of radioactive substrate converted/min per mg protein, with only low levels of activity in the liver (overall reaction rate of 0.06 f 0.03, n = 4). In kidney there is a 6-to 15-fold excess of benzoyl-CoA ligase activity as compared with ornithine N-acyltransferase activity, while the rate of the latter parallels that of the overall reaction.
Therefore, the rate-limiting step is the conjugation of benzoyl-CoA with ornithine. This contrasts with the conjugation of benzoic acid (Seymour et al., 1987) and of 3-phenoxybenzoic acid (Huckle et al., 1981) with glycine in mammals, where the formation of the acyl-CoA thioester intermediate is the rate-limiting step in all the species tested. The total conjugation capacity in quail (hepatic plus renal activities) was 0.27 f 0.04 (n = 3) pmol of radioactive substrate converted/min per kg body weight. This is similar to the conjugation capacities of the ferret and rat, which had the slowest rates of benzoic acid conjugation in the mammals tested (Seymour et al., 1987) .
Glycine, taurine, glutamine and glutamic acid were not substrates for the quail kidney benzoyl-CoA: amino acid N-acyltransferase, but lysine, a homologue of ornithine, was a weak acyl acceptor, as it is in chicken kidney preparations (Yefimochkina, 1951) . Neither the lysine conjugate of benzoic acid nor hippuric acid (benzoylglycine) was detected in vivo in quail.
With renal mitochondria, ['4C]benzoyl-CoA and arginine gave 14C-labelled ornithuric acid at a rate similar to that found with ornithine as the acyl acceptor. Benzoylarginine was not formed. Birds are uricotelic and do not have a urea cycle, but they possess arginase, which is located mainly in the kidneys (Tamir & Ratner, 1963; Mora et al., 1965) . We found that isoleucine, which specifically inhibits arginase (Hunter & Downs, 1945) , markedly inhibited the quail kidney ornithine N-acyltransferase reaction when arginine, but not when ornithine, was the acyl acceptor. Dietary arginine is a source of ornithine for conjugation reactions in birds since chickens administered [I4C]arginine intraperitoneally, followed by an oral dose of benzoic acid, excreted radioactive ornithuric acid (Nesheim & Garlich, 1963) . Therefore, a major function of arginase in the avian kidney may be to supply ornithine for detoxication.
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